A rapid, clean, and highly efficient method for synthesis of dihydropyrano[3,2-c]chromene derivatives by one-pot, three-component condensation of aromatic aldehydes, malononitrile, and 4-hydroxycoumarin using DABCO as catalyst in solvent-free neat conditions is described. The present method has the advantages of mild reaction conditions, short reaction times, easy isolation of products, and excellent yields.
Introduction
Multicomponent reactions (MCRs) are very important in organic synthesis due to the formation of carbon-carbon and carbon-hetero atom bonds in one pot [1] [2] [3] . Simple procedures, high bond forming efficiency, time and energy saving, and low expenditures are among the advantages of these reactions [4] . Over the past several years, chemists have been aware of the environmental implications of their chemistry. Nowadays, they are trying to develop new synthetic methods, reaction conditions, and uses of chemicals that reduce the risks to humans and the environment. Organic solvents are high on the list of hazardous chemicals because they are used in large amounts and are usually volatile liquids. Therefore, in recent years, solventless organic reactions have attracted great interest. They have many advantages such as high efficiency and selectivity, operational simplicity, low costs, mild reaction conditions, and reduced pollution [5] [6] [7] . Pyrano [3,2-c] chromenes are a class of important heterocycles with a wide range of biological properties [8] such as spasmolytic, diuretic, anticoagulant, anticancer, and antianaphylactic activity [9] . Moreover, they have been used as cognitive enhancers, for the treatment of neurodegenerative diseases, including Alzheimer's disease, Parkinson's disease, Huntington's disease, amyotrophic lateral sclerosis, AIDS associated dementia, and Down's syndrome as well as for the treatment of schizophrenia and myoclonus [10] . In addition, aminochromene derivatives exhibit a wide spectrum of biological activities including antihypertensive and anti-ischemic behavior [11] [12] [13] .
Several methods have been reported for the synthesis of pyrano[3,2-c]chromene derivatives. 2-Amino-4-aryl-5-oxo-4H,5H-pyrano[3,2-c]chromene-3-carbonitriles have previously been prepared from aromatic aldehydes, malononitrile, and 4-hydroxycoumarin in the presence of organic bases like piperidine or pyridine in an organic solvent, that is, ethanol and pyridine [14] . They have also been prepared in the presence of diammonium hydrogen phosphate (DAHP), (S)-proline [15] , K 2 CO 3 under microwave irradiation [16] , TBAB [17] , MgO [18] [20] , TMGT [21] , N,N,N ,N -tetrabromo benzene-1,3-disulfonamide (TBBDA) and poly(N,Ndibromo-N-ethyl-benzene-1,3-disulfonamide) (PBBS) [22] , 3-hydroxypropanaminium acetate (HPAA) [23] , 2-hydroxyethylammonium formate [24] , [bmim]Br [25] , potassium phthalimide-N-oxyl [26] , and CuO nanoparticles [27] . However, some of these methods suffer from the serious limitations such as long reaction times, multistep reactions, complex synthetic pathways, and lower product yields. Therefore, the development of milder, faster, and more ecofriendly methods, accompanied with higher yields is needed.
In recent years, 1,4-diazabicyclo[2.2.2]octane (DABCO) has received considerable attention as an inexpensive, ecofriendly, high reactive, easy to handle, and nontoxic base catalyst for various organic transformations, affording the corresponding products in excellent yields with high selectivity [28, 29] . The reactions are environmentally friendly and the catalyst can be recycled in some cases. In continuation of our interest to further enlarge the application of DABCO as a catalyst [30] , here we wish to report one-pot synthesis of pyrano [3,2-c] chromene derivatives by the reaction of aromatic aldehydes, malononitrile, and 4-hydroxycoumarin catalyzed by DABCO in solventless conditions.
Results and Discussion
When aromatic aldehyde 1, malononitrile 2, and 4-hydroxy coumarin 3 were condensed in the presence of DABCO in solvent-free neat conditions at 100 ∘ C; 2-Amino-4-aryl-3-cyano-5-oxo-4H,5H-pyrano[3,2-c]chromene derivatives 4 were obtained in good to high yields (Scheme 1).
In our initial study, the reaction of benzaldehyde, malononitrile, and 4-hydroxycoumarin was used as a model reaction to optimize the reaction conditions. First the reaction was conducted in various solvents using DABCO as a catalyst under refluxing conditions and also under solventfree conditions. As can be seen from Table 1 , the best results were obtained in neat. The effect of temperature in solventless conditions was studied by carrying out the reaction at 60, 80, 100, and 120 ∘ C. The results from Table 1 (entry 6) showed that 100 ∘ C would be the best temperature for all reactions. Under the optimized reaction conditions, a series of dihydropyrano[3,2-c]chromene derivatives 4(a-j) were synthesized. The results are summarized in Table 2 . In all cases, aromatic aldehydes substituted with either electron-donating or electron-withdrawing groups underwent the reaction smoothly and gave the expected products in good to high yields under the same reaction conditions. Moreover, heteroaromatic aldehydes could also be successfully converted to the corresponding heteroaryl substituted pyrano [3,2-c] chromenes in excellent yields.
Conclusion
In summary, a new clean and efficient protocol for the synthesis of pyrano[3,2-c]chromene derivatives using DABCO under solvent-free conditions was described. The use of DABCO as a green, nontoxic, nonexplosive, inexpensive, nonvolatile, easy to handle, and thermally stable catalyst with simple experimental and isolation procedure makes it an attractive method for the preparation of these compounds.
Experimental
4.1. General. All chemicals were purchased from Merck and Sigma-Aldrich as "synthesis grade" and used without further purification. Melting points were determined in open glass capillaries and are uncorrected.
1 H NMR spectra were obtained at 400 MHz with a Bruker (AVANCE) spectrometer using DMSO-d 6 as solvent and TMS as an internal standard. Elemental analysis was performed using Carlo Erba-1108 analyzer.
General Procedure for the Synthesis of 2-Amino-4-aryl-5-oxo-4H,5H-pyrano[3,2-c]chromene-3-carbonitriles.
Aromatic aldehyde 1 (1 mmoL), malononitrile 2 (1.2 mmoL), 4-hydroxycoumarin 3 (1 mmoL), and DABCO (5 moL%) were mixed thoroughly and heated in a water bath at 100 ∘ C for appropriate time. After completion of the reaction (monitored by TLC), the mixture was cooled to room temperature. The solid product was washed with hot water dried and recrystallized from ethanol to give the pure product.
All the compounds were characterized by spectroscopic and physical data which were found to be identical to those described in the literature. [3,2- 
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